Altered immune functioning has been demonstrated in individuals with autism spectrum disorder (ASD). The current study explores the relationship between perceived immune functioning and experiencing ASD traits in healthy young adults. N = 410 students from Utrecht University completed a survey on immune functioning and autistic traits. In addition to a 1-item perceived immune functioning rating, the Immune Function Questionnaire (IFQ) was completed to assess perceived immune functioning. The Dutch translation of the Autism-Spectrum Quotient (AQ) was completed to examine variation in autistic traits, including the domains "social insights and behavior", "difficulties with change", "communication", "phantasy and imagination", and "detail orientation". The 1-item perceived immune functioning score did not significantly correlate with the total AQ score. However, a significant negative correlation was found between perceived immune functioning and the AQ subscale "difficulties with change" (r = −0.119, p = 0.019). In women, 1-item perceived immune functioning correlated significantly with the AQ subscales "difficulties with change" (r = −0.149, p = 0.029) and "communication" (r = −0.145, p = 0.032). In men, none of the AQ subscales significantly correlated with 1-item perceived immune functioning. In conclusion, a modest relationship between perceived immune functioning and several autistic traits was found.
Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disease, characterized by an inability to form normal social relationships or communication and restricted and repetitive behavior [1] . The prevalence of ASD is four times higher in men than in women [2] .
Anomalies of the immune system are frequently described among a subset of individuals with ASD, and are often associated with the primary features of ASD [3] [4] [5] . These include neuroinflammation, the presence of auto-antibodies, and increased T cell responses. Additionally, enhanced innate natural killer cells (NKCs) and monocyte immune responses have been reported in ASD individuals [5] . Such dysfunctions in the immune system are suggested to directly interfere with neurodevelopment and neurological processes that are causing changes in behavior.
Not solely the functioning of the immune system of the child may affect neurological development, active maternal infections as well as aberrant immune response of the mother during pregnancy are seemingly important with regard to prenatal risks in developing ASD [6] . Next to infections, in about 20% of mothers with children at risk for developing ASD, maternally derived auto-antibodies primed against particular fetal brain proteins were found [4] . These maternal auto-antibodies can cross the placenta and reach the fetal brain. They are known to recognize seven developmentally brain proteins in the fetal brain, contributing to the stereotypical behaviors of an autistic individual [7] .
In general, it is not as well understood how cytokine signaling mediates these immunological changes affecting neurodevelopment. An imbalance between T regulatory cells and T effector cells, however, is identified. A particular imbalance increases vulnerability to pathogens, as a result of a less active immune response after encounter. Immune functioning can be said to be lowered, and in turn there is increased risk of inflammation. In addition, imbalance in regulatory T cells causes tolerance to certain antigens to be reduced or even absent, leading to the development of autoimmune diseases [8] . Besides development of autoimmune diseases, increased Immunoglobulin-E (IgE) as a result of T regulatory imbalances results in increased IgE-mediated allergies, frequently reported in autistic children compared to healthy controls [9, 10] .
Together, these effects on specific immune cells demonstrate impaired immune functioning in autistic individuals, causing them to be more vulnerable to the development of infectious diseases or immune diseases and perceiving reduced immune functioning. The aim of the current study was to examine the association between perceived immune functioning and the presence of autism spectrum traits in healthy young adults.
Materials and Methods
Students of Utrecht University, The Netherlands, 18 to 30 years old, were recruited to complete a survey. Informed consent was obtained from all participants; no formal ethics approval was required to conduct this survey according to the Central Committee of Research Involving Human Subjects, the Netherlands.
Demographic data was collected, including data on smoking, alcohol consumption, and drug use. The Autism Spectrum Quotient (AQ) was completed to examine variations in autistic traits in individuals with normal intelligence [11] . The AQ is a quantitative self-test and instrument for assessing the degree to which a person with normal intelligence expresses traits associated ASD. The scale consists of 50 items assessing personal preferences and habits. Subjects must rate to what extent they agree or disagree with statements on a Likert scale. The four answer categories are "definitely agree", "slightly agree", "slightly disagree", and "definitely disagree". The item scores are summed, with a high total score corresponding to a high autistic load. The AQ has 5 subscales: "social insights and behavior", "difficulties with change", "communication", "phantasy and imagination", and "detail orientation".
Perceived immune functioning was examined with the Immune Function Questionnaire (IFQ), a scale assessing immunological aspects related to lowered immunity [12] . The IFQ assesses the frequency of various symptoms associated with poor immune functioning. As a direct relation to immune impairments, 18 symptom items were included in the questionnaire: sore throat, headaches, flu, runny nose, coughing, cold sores, boils, mild fever, warts, pneumonia, bronchitis, sinusitis, sudden high fever, ear infection, diarrhea, meningitis, eye infection, sepsis, and long healing injuries (due to a translation error, the item "boils" was omitted from the analyses). These symptoms were rated on a 5-point Likert-type scale, having to choose from "never", "once or twice", "occasionally", "regularly" and "frequently," with scores from 0 to 4, respectively. Participants were asked to rate these symptoms as experienced in the previous 12 months. A high total score reflects poor immune functioning.
Perceived immune functioning and general health was also scored as a single-item question that could be scored from 0 (very poor) to 10 (excellent) [13] . Subject could further indicate whether they perceived having reduced immune functioning. A previous study showed that IFQ scores correlated significantly with the 1-item perceived immune functioning score [14] .
IBM SPSS statistics version 24 (IBM, North Castle, NY, USA) was used for data analysis. Total AQ score, and its subscale scores, were correlated to the total IFQ score, and the 1-item perceived health and immune functioning rating, applying nonparametric Spearman's rho correlations. Analyses were conducted for the whole sample, and for men and women separately. Participants reporting mental illness or currently using psychoactive medication were excluded from the analyses.
Results
N = 410 students participated in the study (55.6% women), having a mean (SD) age of 20.5 (2.3) years old. Overall, participants graded their mean (SD) health with a 7.8 (0.9), and their mean (SD) immune functioning with a 7.9 (1.1). The mean (SD) IFQ score was 11.5 (5.7). Table 1 summarizes the descriptive characteristics of the whole sample, and for men and women separately. Total IFQ score significantly correlated with the 1-item scores of perceived general health (r = −0.283, p = 0.000), and perceived immune functioning (r = −0.450, p = 0.000). No significant gender differences were found for the immune functioning outcomes. Men did score significantly higher on the total AQ than women (p = 0.005). A similar result was found for the subscales "social insights and behavior" (p = 0.013), "communication" (p = 0.032), and "phantasy and imagination" (p = 0.001).
The 1-item perceived immune functioning score did not significantly correlate with the total AQ score. However, a significant negative correlation was found between perceived immune functioning and the AQ subscales "difficulties with attention" (r = −0.119, p = 0.019).
In women, 1-item perceived immune functioning correlated significantly with the AQ subscales "difficulties with change" (r = −0.149, p = 0.029) and "communication" (r = −0.145, p = 0.032). In men, none of the subscales significantly correlated with 1-item perceived immune functioning.
Total IFQ scores significantly positively correlated with the AQ subscales "difficulties with change" (r = 0.152, p = 0.003) and "communication" (r = 0.126, p = 0.013), however, no significant correlation was revealed with the total AQ score. In women, the total IFQ score significantly correlated with the subscales "difficulties with change" (r = 0.160, p = 0.020) and "communication" (r = 0.167, p = 0.014). In men, the total IFQ correlated significantly with the total AQ score (r = 0.159, p = 0.039), and the subscales "difficulties with change" (r = 0.205, p = 0.007) and "communication" (r = 0.155, p = 0.040).
Perceived general health significantly negatively correlated with the total AQ score (r = −0.107, p = 0.036), and the subscales "difficulties with change" (r = −0.137, p = 0.007) and "communication" (r = −0.153, p = 0.002). In women, significant negative correlations were found between perceived general health and the AQ subscales "difficulties with change" (r = −0.165, p = 0.015) and "communication" (r = −0.136, p = 0.043). In men, perceived general health significantly negatively correlated only with the AQ subscale "communication" (r = −0.209, p = 0.005).
In women, the same AQ subscales significantly negatively correlated with perceived immune functioning (r = −0.136, p = 0.045 and r = −0.148, p = 0.028 respectively). In men, none of the subscales significantly correlated with perceived immune functioning.
Total IFQ scores significantly positively correlated with the AQ subscales "attention" (r = 0.128, p = 0.011) and "communication" (r = 0.110, p = 0.028); however, no significant correlation was revealed with the total AQ score. In women, the total IFQ score significantly correlated with the subscale "communication" (r = 0.145, p = 0.031) only. In men, in contrast, the total IFQ correlated significantly with the total AQ score (r = 0.153, p = 0.046), as well as the subscales "attention" (r = 0.206, p = 0.006) "communication" (r = 0.148, p = 0.049).
Discussion
Overall, the autistics traits of having "difficulties with change" and "communication" deficits were significantly associated with poorer perceived immune functioning. However, clear gender differences were observed in this study. In woman, the subscales "difficulties with change" and "communication" deficits correlated significantly with the 1-item perceived immune functioning score. In men, these correlations were not significant.
The observed gender differences may suggest a role of sex hormones in the development of autistic traits. Testosterone seems to be the relevant link between ADS and immune functioning, because of its possible immunosuppressing function [15, 16] . Studies suggest that physiological concentrations of the female sex hormones stimulate immune functioning, whereas those of the male sex hormone testosterone suppresses [17] .
The influence of sex hormones on immune functioning is established early in development, starting already in utero [18] . The normal process of brain masculinization is mediated by cells and signaling molecules that are related to inflammation, modified by exposure to high levels of testosterone. The innate immune system together with inflammatory signaling molecules seem to be directing brain masculinization, for men being more vulnerable to internal and external inflammatory mediators [19] . Studies on gene expression profiles in ASD males revealed that the genes identified were largely involved in astrocyte and microglia activation [20] . In addition, overactivation of the neuroimmune system has been associated with the risk of developing ASD. Together, these observations suggest that inflammatory mediators may function as fundamental regulators of male brain development [21, 22] , and that the natural process of brain masculinization may put males at a risk of higher vulnerability for inflammation during critical periods of brain development. This may explain why the prevalence of ASD is higher in men than in women.
Autistic traits can be viewed as exaggerated masculine behaviors, which may explain the higher autism spectrum quotient score in men. However, as 1-item perceived immune functioning scores in men were not significantly associated with AQ subscale scores, the current findings do not support the hypothesis that testosterone suppresses immune functioning. Given this, it is likely that other factors such as genetic predisposition also influence the differential development of autistic traits in men and women. The latter may also be explained by the fact that men naturally have more prenatal testosterone, and are more masculine than women.
Finally, some limitations need to be addressed. In the current study we excluded people with mental illness, including ASD. Hence, the sample consists of healthy young participants. This should be taken into account when interpreting the data. The magnitude of the observed differences in scores on perceived immune functioning and autistic trait scales between men and women was small (see Table 1 ), and its importance can be debated. It is however interesting to see that, even in a healthy sample, significant associations were found between perceived immune functioning and ASD traits, including modest but significant gender differences. In a patient population, it can be expected that these associations are even stronger. Future research should investigate this. A limitation of the current study was that we did not include objective assessments of immune functioning but relied on subjective measures such as the IFQ. For the future use of these questionnaires it is important to demonstrate their relationship with objective assessments of immune functioning such as changes in cytokine levels in blood or saliva. It is important to keep in mind that subjective reports of the immune system may not completely correspond with objective measures. For instance, individuals with autistic traits may be more observant concerning their health status, or report more symptoms without being more ill. Future research should address these issues.
Conclusions
Taken together, the modest but significant correlations observed in this study further support the potential link between having autism traits and reduced immune functioning, although this seems to be gender-dependent. Further research, preferably in a patient population, is required to elucidate these differential gender effects.
